Abstract:
Introduction
While certainly not the "silver bullet" to eradicate the information system (IS) organization's applications backlog, CASE (Computer-aided software engineering) technology remains a viable option for those responsible for the development and timely delivery of modern-day ISs. Like many other alternatives to the snail's pace of progress during the traditional systems development life-cycle (SDLC), such as prototyping, rapid application development, the use of canned software packages, or reusable code, CASE tools have great potential in alleviating (not necessarily eliminating) the applications backlog. Although the latest, greatest (or most publicized) advancement seems to be the proliferation of object-oriented analysis and design (OOAD) techniques (Freeman, 1997; Post et al., 1997) , it is still unclear as to whether these OOAD tools will become the final answer to the everincreasing problem of delivering application systems in a more timely manner (c.f. Johnson and Hardgrave, 1997; Wu and Wu, 1994 
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Resolving the issue of what technique will ultimately reign superior in diminishing application portfolio backlogs is beyond the scope of this paper, as such a debate is contingent on the peculiarities and environmental culture associated with each unique IS development unit. Rather, this paper outlines lessons learned in the current utilization of conventional CASE technology, from an extensive investigation into the use of these tools by 226 IS personnel representing a wide range of industries and experience.
The purposes of this research are twofold. First, an extensive exploration into the most popular CASE tool features possessed by respondents is reported. Second, the paper will concentrate on the perceived "gap" between specific CASE tool features possessed by participants in this study, and those features perceived to be needed by said participants in the performance of their job duties. The results of this investigation will provide a prescription for IS managers interested in acquiring CASE technology for their IS department, as well as setting up a framework for more intensive studies into CASE use by the research community. Before proceeding, however, some background information about CASE is necessary.
Background
Simply put, CASE is the automation of "anything a human does to software" (Stamps, 1987) . The broadest definition of a CASE tool is any software tool that provides automated assistance for software development, maintenance, or project management activities (McLure, 1989) . From its inception in the early to mid-1980s, CASE has evolved from simple "upper-CASE" tools such as screen and report painters, and "lower-CASE" tools such as code generators, to completely integrated CASE facilities that support the entire range of the SDLC. Integrated CASE (or ICASE) is a set of integrated CASE tools sharing a common user interface, data interface, life-cycle framework, and repository (du Plessis, 1993).
The following section outlines some common advantages and disadvantages associated with using CASE tools.
CASE technology: benefits and drawbacks
Besides its overall potential to alleviate the applications systems development bottleneck, CASE tools possess many features and functionalities that contribute to improving the performance of systems analysts and designers. Chief among these advantages include diagramming aids for drawing architectural representations of systems and system components (e.g. data flow diagrams, entityrelationship diagrams, structure charts); an integrated encyclopedic repository for all data element definitions and pictorial representations; and code generators to generate executable code from proposed system specifications.
Disadvantages of employing CASE tools in the systems development process include high start-up costs for hardware and training; a reliance on structured methodologies (SDLC); poor integration among different vendor products; and a long learning curve. The list below shows some of the more common benefits and drawbacks associated with CASE, some of which were adapted from doctoral theses involving CASE by Bellin (1991) , McMurtrey (1997), Nelson (1991) , Norman (1987) , Ongkasuwan (1991) , and Rai (1991).
Benefits CASE technology:
-increases productivity and quality;
-enables uniformity among the design team during the analysis and design process;
-enables ease of making changes during the various SDLC phases;
-can restructure poorly written code;
-simplifies programming maintenance;
-enforces software/systems engineering standard;
-aids project management;
-provides for a central data repository and reference encyclopedia;
-simplifies drawing a system's artchitectural diagrams;
-decreases application development time;
-provides the capability to solve larger and more complex problems; and -generates code automatically.
Drawbacks CASE technology:
-may cause extreme amount of sales and press hype;
-leads to reliance on structured methodologies;
-necessitates a long learning curve;
-has limited functions;
-does not provide integrated central repository;
-may cause poor integration among different vendor products;
-requires working knowledge of underlying methodology;
-may cause user resistance;
-may cause a change in job roles and relationships and the quality of work life; and -has benefits which are difficult to measure.
Although increasing productivity is hailed by vendors as the ultimate goal of using CASE, research into this issue has been met with mixed results. Evidence of this discrepancy can be seen by comparing studies that found CASE usage increasing productivity (Subramanian and Zarnich, 1996; Freeman, 1992 This theoretically-based model was established from a systematic evaluation of CASE features by expert practitioners. The FCTM is composed of the five dimensions of representation, analysis, transformation, control, and cooperative functionality (for further discussion of the FCTM, the reader is directed to the original manuscript by Henderson and Cooprider, 1990) , each containing an appropriate number of features to examine each component. Subjects were requested to respond to a series of three questions each that pertained to the possession, need, and use of a particular feature. Although not all features or components of the model will necessarily be known to all respondents, the FCTM should be representative of modern CASE installations.
Methodology
The current study is part of an ongoing investigation into the use of CASE in IS development units. The researchers developed an in-depth survey instrument designed to capture the perceptions of those closest to the technology: the users, or applications developers, themselves. The questionnaire was designed using demonstrated research constructs with desirable psychometric properties. Specific questions pertaining to CASE features were adapted from the FCTM, developed by Henderson and Cooprider (1990) from an MIT study. The FCTM was refined through a Q-sort analysis, and extensive consultation, with vendors and practitioners of CASE technology.
The 226 respondents in this study come from a wide variety of backgrounds and experience. Table I shows that almost 30 percent were from the insurance industry, while just under one-quarter (23.5 percent) were from manufacturing concerns. Table II indicates that almost one-half (47.8 percent) of the respondents had between 8 and 17 years of experience in the IS field, while the average age was 38 years (table not shown) .
Thus, from the perspective of age and experience, the 226 respondents appear to be mature members of their profession. Therefore, the sample frame is (to the extent we can determine) representative of our target population: users of CASE tools. It is hoped that experienced IS developers, such as those that participated in this research, would respond conscientiously and responsibly to questions in the survey instrument.
In the Appendix, Tables AI and AII are used initially in the discussion of the FCTM. A key is provided following these tables that lists each of the 58 items, grouped by FCTM dimension. Afterwards, Table  AIII lists the top ten features, grouped by FCTM dimension, of CASE technology possessed by the respondents.
Discussion

FCTM data analysis
Tables AI and AII present the raw data from which discussion of the FCTM is based. The top two or three features in each FCTM dimension (e.g. representation, Analysis, etc.) are marked with three asterisks (***). In addition, boxes have been drawn around the raw data figures. Other highlighted observations (to be discussed in the following section) are marked with a single asterisk (*) and also have boxes drawn around figures of interest. Inspection of the two tables indicates that, overall, the feature most often cited as being possessed is described in question number 2, the ability to represent a design in terms of data models. This is followed by question 1, the ability to represent a design in terms of process or flow models. Both of these questions are from the Representation component of the FCTM (questions 1-9 ). Among those features pertaining to the Analysis component (questions [10] [11] [12] [13] [14] [15] [16] , the ability to detect inconsistencies in models, definitions, etc. (question 13) was cited most often, followed by a tie between the ability to test for consistency between a process model and a data model (question 10) and identifying where predefined criteria or rules have been violated (question 24). Among the items representing the Transformation component (questions 27-37), the ability to generate screen mock-ups (question 36) was cited most often, followed by providing documentation as a by-product of design (question 34) and generating executable code from a screen mock-up (question 27).
The ability to "freeze" a portion of a design to protect it from changes (question 44) and specifying who can modify various parts of the design work (question 43) were the most often cited features of the Control component of the FCTM (questions 38-49). Allowing concurrent use by several users of dictionary/diagram/etc. (question 53) and allowing a group of users to work simultaneously on a single task (question 51) were the features cited most often from the Cooperative Functionality component of the FCTM (questions 50-58). Table AIII lists the top ten features, grouped by FCTM dimension, of CASE technology possessed by the respondents. The observed frequency (from Table AI ) and percentage (from Table AII) for each question is shown, along with a description of the scale item.
FCTM data analysis -the "gap"
Whereas the preceding narrative was in terms of functions possessed, additional data pertaining to the extent (small or large) of need, as well as use, of these features were gathered. The functions most often identified as possessed were also, for the most part, the same functions identified most as being needed, and used, by the respondents. There were, however, a few notable observations. These anomalies are marked with a single asterisk (*), and have boxes drawn around the figures of interest, in Tables AI and  AII. Question number 20 (suggest problem resolutions based on previously used solutions), an Analysis component, was possessed by only 14 of the respondents. However, 137 persons cited this feature as being needed to "some" or "large" extent. A similar phenomenon occurs with question number 35 (perform reverse engineering), a Transformation component. A total of 62 respondents indicated that their CASE installation possessed this feature. However, 130 persons cited it as being needed to "some" or "large" extent. Question number 49 (remind team members about approaching deadlines), part of the Control dimension, was possessed by a mere 24 respondents. Nonetheless, 121 persons needed it to "some" or "large" extent. Question number 56 (allow giving of anonymous feedback or input), a Cooperative Functionality component, was possessed by only six respondents, although 71 persons indicated, to "some" or "large" extent, a need for it.
On one hand, perhaps these are features that some CASE vendors will need to find worthy of inclusion into future versions of their products. On the other hand (and perhaps a more likely scenario), it behoves the organizations for whom respondents work to investigate the acquisition of more sophisticated (at least in terms of technologically advanced) CASE technology that already contains these needed features.
Implications
As mentioned in the introduction, a major portion of this part of our ongoing research program into CASE use is in the "gap" between CASE features possessed by respondents and those perceived to be needed by these practitioners. For instance, one interesting statistic to report would be the "top ten" CASE tool features possessed by the respondent's CASE toolset. A similar rationale may be employed concerning question 35 (perform reverse engineering), question 49 (remind team members about approaching deadlines), and question 56 (allow giving of anonymous feedback or input). These questions are highlighted because of the gaps existing between those respondents' tools that already possess these features and the perceived need for these features indicated by an even greater number of subjects. The latter two features appear to be oriented toward group or team effectiveness, and as such could fall under the umbrella of "groupware" or other team-based technologies. Either way, from the results reported in this research, there appears to be a great need for some of these features (more so than others) by software developers using CASE technology.
Conclusion
This study has reported on the use of CASE technology by 226 IS professionals from over 30 Fortune 500-type companies. The current inspection focused on the most popular CASE tool features possessed, as well as the perceived "gap" between features possessed, and those needed, by respondents. Considerable insight was obtained on the current utilization of CASE, especially in terms of which features seem to be the most popular. Furthermore, a dynamic relationship was uncovered between an existent "gap" of features needed versus those actually possessed. Future research into CASE should attempt, among other things, to determine the extent to which this gap has been bridged.
